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PREFACE

Each year, a great amount of money is spent conducting tests to determine the
effects of heating and cooling on military materiel stored in the open. If it were possible
to correlate the test data with climatic data so the climatic data could be used to predict
the probable effects at a proposed storage site, the money spent conducting tests could
be saved, and reliable operational information could be provided to the people respon-
sible for logistical support to units in the field. This study was undertaken to determine
the response temperatures of a Naval Weapons Center (NWC) thermal standard at
Fort Belvoir, Virginia, and to determine whether predictive methodologies developed
during testing in areas of extreme climatic conditions could be applied reliably to a site
at a moderate, midlatitude location. Besides its specific results, this study contributes
to a larger thermal standard investigation being conducted jointly by the Naval Weapons
Center, China Lake, California, and Brigham Young University, Provo, Utah.

Appreciation is extended to MSGT Earl Rook and SSGT Mark Noe, Detachment 2,
5th Weather Squadron, Davison Army Airfield, Fort Belvoir, Virginia, for providing
selected climatological data, to NOAA, Test and Evaluation Division, Sterling, Virginia,
and Dr. W. H. Klein, Smithsonian Radiation and Biology Laboratory, Rockville,
Maryland, for providing solar radiation information, and to Messrs. Regis Orsinger,
Edward Trelinskie, and Michael Eastwood, MGI Systems Division, U. S. Army Engineer
Topographic Laboratories, Fort Belvoir, Virginia for assistance rendered in computer
operations.

The work reported on was done under DA Project 4A161101A9 ID, Task 01,
Work Unit)d075, "Acquisition and Evaluation of Thermal Stindard Data'..

The work was performed during 16 June 1978 to 15 June 1979 under the super-
vision of H. S. McPhilimy, Group Leader, Environmental Effects Group, M. Gast, Chief,
MGI Systems Division, and Kent T. Yoritomo, Director, Geographic Sciences Laboratory.

COL Daniel L. Lycan, CE was Commander and Director and Mr. Robert P. Macchia
was Technical Director of the Engineer Topographic Laboratories during the study
and report preparation.



CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. Customary Units of Measurement used in this report can be converted to metric
(SI) as follows:

Multiply By To Obtain

inches 25.4 millimeter
feet 30.48 centimeter
miles .6093 kilometer
pounds 0.4536 kilogram
ton, long 1.0160 metric ton
ton, short 0.9072 metric ton
gallon 3.785 liter
Fahrenheit degrees* 5/9 Celsius degrees, Kelvin

*To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, use formula:

C = (5/9) (F-32)

To obtain Kelvin (K) readings, use formula:

K = (5/9) (F-32) + 273.15
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ACQUISITION AND EVALUATION
OF THERMAL STANDARD DATA

INTRODUCTION

When ordnance is to be stored in the open for a long time, information is needed
on how it will be affected by temperature changes. One way to obtain such information
is through long term surveillance programs, in which large quantities of instrumented
test items are placed in an area and monitored for many years. To lower the cost of
such a project, the Navy developed an inexpensive device that is intended to respond
thermally to the natural environment as would certain sizes of ordnance and propulsion
materiel. This device is the Naval Weapons Center (NWC) thermal standard. If tests
are successful, the device could serve as a thermal analog to certain ordnance and pro-
pulsion items and as a predictive base for others.

This report is concerned with collection and analysis of thermal standard data
from 16 June 1978 to 15 June 1979 at Fort Belvoir, Va. The report also includes com-
parisons with thermal standard responses obtained from prior studies in other areas
of the world and an analysis of the methods used to evaluate and represent thermal
standard data.

BACKGROUND

Thermal Standard Description 0 The thermal standard is a 6-inch-diameter,
stainless steel, spherical shell filled with a special rubber material.* As shown in figure 1.
the sphere contains five copper-constantan thermocouples--four welded to the inside

* surface of the sphere and one positioned at the sphere's geometric center. The entire
assembly stands 36 inches high.

[ lie aborptivtty o thi th e rmal standard is approximately 0.6, The lhermal properties
,,t the IrTv 511 rubber filler are: thermal conductivity = 0.18 Bltu/hr/ft/PF;

densitN, 73.5 in/lft and specific heat 0.48 Btu/lbm/F. (Richard 1). Ulrich.

h 1"l)/tioi of t e V It' C Thermial Standard. Part 2. Comparison of Theory wvith .'xpcr.

imet i. NW(. lP 4834. Part 2, Brigham Young University for the Naval Weapons

Center. China Lake. Calif.. 1971. p. 2.)

6
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'STAINLESS STEEL

36 IN. 12I.PP

GRASS SURFACE

TO RECORDER

Figure 1 . Schematic D~rawing of the' Thermal Standard.
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The thermal standard is situated in a secure, grassy test area about 100 feet south
of Building 2591, Fort Belvoir, Va. (figure 2). This area has an elevation of approximately
85 feet. Data from the thermal standard were gathered continuously from 16 June 1978
to 15 June 1979 and printed on a recording potentiometer in Building 2591.

Meteorological Data * The following meteorological elements were measured
directly at the test site or obtained from outside sources when measurements at the site
were not available or where certain measurements were not possible:

Air Temperature. Ambient air temperature was measured twice each hour
by a thermocouple in an aspirated radiation shield on a micromet mast ann at the 4-foot
level. Fhe mast is situated approximately 10 feet NNE of the thermal standard emplace-
mnent (figure 3). Air temperatures were gathered continuously during the study period
on the same recorder used for the thernal standard data.

Windspeed. A 3-cup anemometer at the 5-foot level on the same micromet
mast (figure 3) provided data from 1 January 1979 to 15 June 1979. For the period
prior to I January 1979, wind data were obtained from Davison Army Airfield (approx-
imately 2.5 miles SSW of the thermal standard test area). These data were adjusted by
a ratio to represent windspeeds at the test site.

Solar Radiation. Hourly values of solar radiation were obtained from
NOAA. Test and Evaluation Division, Sterling. Va. (25 miles NW of the thermal standard
test site) and from the Smithsonian Radiation and Biology Laboratory, Rockville, Md.
(28 miles NNE of the test site).

8



THERMAL STANDARD LOCATION
FORT BELVOIR, VA.

SCALE
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Previous Thermal Standard Investigations and Results 0 In a series of three
reports, Ulrich 1 ,2 and Ulrich and Schafer 3 described the NWC thermal standard through
the various phases of conception, laboratory and field experimentation, evaluation, and
application. Beginning in the late 1960's,NWC thermal standards were placed next to
instrumented ordnance items at many test sites within areas possessing extreme environ-
mental conditions--desert, arctic, and tropics.* However, in 1978, thermal standards
only were placed in other areas, including Atlanta, Ga., Lafayette, Ind., Prove, Utah,
and Fort Belvoir, Va.

Some of the major finds and conclusions of Ulrich 4 and Ulrich and Schafer, 5

are summarized below:

1. The NWC thermal standard was shown to attain response temperatures
that were similar to those attained on previously instrumented and similarly exposed
ordnance items. The response of the thermal standard is "typical" of the response of
ordnance in the 2- to 20-inch diameter range.

IRichard D. Ulrich, Evolution of the NWC Thermal Standard, Part I. Concept, NWC
T P 4834, Part I, Brigham Young University for the Naval Weapons Center. China Lake,
Calif., 1970.

21Richard D. Ulrich, Evolution of the NWC Thermal Standard. Part 2. Comparison of

Theory with Experiment, NWC TP 4834, Part 2. Brigham Young University for the
Naval Weapons Center, China Lake. Calif., 1971.

3Richard ). Ulrich, and loward Schafer, Evolution of the NWC Thermal Standard, Part
3. Application and Evaluation of' the Thermal Standard in the Field, NWC TP 4834, Part
3, Brigham Young University for the Naval Weapons ('enter, China Lake, Calif., 1977.

4Richard 1. L'Irich, Evolution of the .VWC Thermal Standard, Part 2. Comparison of
Theorv with Experintent. NWC TP 4834, Part 2. Brigham Young University for the
Naval Weapons Center, China Lake, ('alif., 1971.

5
Richard 1). ['[rich and Itoward Schafer, Evolution ,)f the Ni 14fC Thermal Standard,

Part 3. A pplication and Evaluation of the Thermal Standard in the Field. NWC TP 4834,
Part 3, Brigham Young UniversitY for the Naval Weapons ('enter, China Lake Calif.,1977.

I hernial Standards %%cre or are itoss in operation in tile tolloA ing desert, arctic, and
tropical locations: China Lake and Death Valley. ('alif.; Israel; Richardson and [otl
Grcelb , Alaska; Alert and Resolute Baj% (.inada. Thailand; Philippines: Panama; and

A us t ra iia.
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2. The surface color of an item directly exposed to the natural environment
determines, in a large measure, the item's thermal sensitivity. Painting items a light
color is shown to be an effective method of keeping induced temoeratures from becoming
excessive.

3. The NWC thermal standard is amenable to analysis by theory. Laboratory
investigations were conducted in which the thermal standard and thermal energy experts
predicted the temperature responses of various ordnance items. The thermal standard
method proved to be more accurate.

4. A prediction method whereby the maximum thenal standard surface
temperature for each day could be determined by meteorological data was developed
and proved to be fairly accurate. When perfected, this prediction method would enable
the response temperatures of the thermal standard to be predicted in lieu of actual
thermal standard emplacement.

5. The authors fx..i *hat the NWC thermal standard is of value as a tool in
thermal environment instrull'L,!Jtion. Possible future uses envisioned (in addition to
predicting the thermal response of ordnance) were in the realm of predicting thermal
responses of other items (airplailes. ships, antennae, buildings, etc.) and functioning as
a control device within environmental test chambers.

12



THERMAL STANDARD DATA -- FORT BELVOIR

Data Description 0 Figure 4 shows tile temperature profile for the thermal
standard top surface and center and the ambient air for the data-gathering period at
Fort Belvoir. Each daily laximum and mininum temperature is connected with a line
so that the magnitude of the diurnal range becomes readily apparent. Means, extremes.
and ranges for these data were extracted and appear in table I An inspection of figure 4
data indicates that relationships exist between the air temperature and the induced
temperatures.*

To determine the degree of interrelationship between the air temperature and the
temperatures attained by the thermal standard, one Must prepare a distribution of corres-
ponding daily maximum top surface and ambient air temperatures (figure 5). A distri-
bution of the daily maximum thermal standard center and air temperatures was also
prepared (figure 6).

Both distributions illustrate that a strong positive linear relationship exists between
air and induced temperatures (coefficient of correlation - r = 0.96 for top surface
and air, and r = 0.98 for the center and the air). Naturally, the cluster of points in
figure 6 is tighter and a degree of correlation higher because the center experiences less
variation than the surface. It is also worth noting that at higher temperatures the data
cluster more closely around the regression line. This fact might be significant since it
would indicate that predictions from the regression lines in figures 5 and 6 could be
made with a fairly high degree of accuracy at the higher temperatures.

One ot ute tn ost noticeable reatures of figure 4 is the extrene cold period during mid-
iebruary 1979. 'rhis particular l cbruary was the coldest on record for a number of
surrounding stations, w ith tem peratures averaging on the order of 101" below normal.

I or m ore inftrm ation. see tie Metropolitan Climatological Sum maries. National (apital
Area, NOAA, Iebruary 1979.1
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TOP SURFACE OF CENTER OF16June78-15June79 THERMAL STANDARD THERMAL STANDARD AMBIENT AIR

AVERAGE MAX TEMP. 83.30 F 74.40F 62.50F
AVERAGE MIN TEMP. 40.8 0 F 41.8 0 F 41.6 0 F

AVERAGE TEMP. 62.05°F 58.25°F 52.050F

AVERAGE DIURNAL 42F o  33Fo 21F
RANGE

MAXIMUM DIURNAL 74F o  67F 0  43F °

RANGE

EXTREME MAXIMUM 129 0F 113 0 F 950F
TEMPERATURE

EXTREME MINIMUM .9 0 F -9 0 F -10OF
TEMPERATURE

RANGE 138F 122F0  105F0

Table I. Means, Fxtrencs, and Ranges of Temperatures of the
Thermal Standard and Ambient Air at Fort Belvoir, Va.

(16 June 1Q78 - 15 June 1Q79).
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Sampling Strategies and D)ata Analysis 0 Since data from each measuremient
point canl be extracted every hiour (even every hialf-h1our if so desired). the amounts of'
data Canl become1 quLite VoIluminouis after a long time. However, Ulrich and Schafer have
illustrated that it is possible to represent large quantities of data with a relatively small
sample.6 'Table 2 shows somle of the sampling strategies that were examined and the
percent of maximum error to be expected with each. As one illustration of this point.
they compared a cumuII.lative relative frequLenIcy curve generated with only a 10 percent
sampling of' thle h1ourly data (n = 876) to a curve generated uIsing thle entire data pop-
Ulat ion IN = 8760).? For all practical purposes, these curves, which appear in figlure 7,
are idecntical.

Hoburly values of thermal standard and amibient air temilperatutres at Fort Belvoir
Were obtained onl every 5th day throughout thle data-gathering period. Since, as shown
ill table 2. thle mIaximumII error to be expected with a 20 percent sample (all hours every
5th day) is 1.4 percent. the distribution of every 5th day's hours canl be considered to
be quite representative of' the data population. The cumu11.lative relative frequency dis-
tributions of' thermal standard top surface, center, and ambient air temllperatutres for
every 5th consecutive day are presented inl figu-re 8. These curves mlay bie considered to
be baselineC crves at Fort Belvoir.*

Pall .1 p/p/n aiiir anid I laliati ! ofIll, Ihr mud Standard in Ill, FI Ild, N kk CItP 4 834 .
Part 3. l~rii-liamN ' tn ,,ni r ikeniI i' t I ncil Nj.ir1n W ~C,111 i ( enter. China I A c~r. (ialil.
11) 7 7. 2 8 -47.

7 t it p 2',j

I he SkCrr% 111i o th1-e 1 tIier eUrV S iI their Iott, c,1 2-3 petcnt %t. ., (Ie tic , inle lrci thit

ti IIn L ~iitik C, I C d l:n 1t c 1)r .N 1 97 9 ]Iat, 1,c ic (II,l a o t i .i i 1111,1iit v Iic
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% Data % Maximum

Data Graphed Used Error

Every other hour 50% .25

Every 3rd hour 33% .85

Every 5th hour 20% .85

20% of hours randomly selected 20% 1.1

Every 7th hour 14% 1.0

Every 10th hour 10% 1.0

10% of hours randomly selected 10% 3.8

7% of hours randomly selected 7% 4.2

Every 20th hour 5% 1.7

5% of hours randomly selected 5% 3.1

Every 30th hour 3% 2.8

Every 50th hour 2% 4.2

100 random points plus year max and min 1% 5.0

Every other day 50% .25

Every 3rd day 33% .85

Every 4th day 25% .85

Every 5th day 20% 1.4

20% of the days randomly selected 20% 2.0

Every 9th day 12% 3.6

Every 10th day 10% 1.7

10% of the days randomly selected 10% 1.9

Every 20th day 5% 3.6

5% of the days randomly selected 5% 4.7

Every 40th day 2% 5.6

S r I d,: I " / , ~t ." / 1 1 'I (,tt,,11 a I Jt I i /.l ,( [ I P1 111 111, rt l S t ila rd t Pi tt I 1, 1,1

I ' 4834 Itrieh.jLtt in n I T critI% tor i t N .t i t\ jc si ()uoen. c i tuuu, I kc.
(u I/ t I 1) 77 2

Lible 2. I)atai Sllpil , Stratcni 's mindl S 1p i1 I rror.

20



1.0

Maximum error
.8 1.0%.

.6

Dotted Lines
4 Show The

Base Line Curve
Where Different

J - 8760 hours

.2 /-- 876 hours

0 25 50 75 100 125 150 175

TEMPERATURE (OF)

Source: Richard 1. tljrich and llo Nard Schafer, rlutiont of the VI C Thermal
Standard. Part 3. .1plicatwn and Fraluation of the Thtermal Standard in the Field.
NW C P 4834. Part 3. BtiLl am Youne Ini'crsitv tor the Na.al Weapons (enter, China
I ake. Ca it., I 7 7.

Figure 7. Top Thcrtiiocotuplc. Therotal Standard, 1974. China Lake. Calif.
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Figuire . Frqu nc istributionl of llourly Tenm1era t tres kvcry 5t1 l y -a

mi F~ort Belvoir. Val. ( I() Jillc I1978 --15 June 19079).
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Ini anot her etfort to appro xima te tlihernial stanida rd basel ine .curs es. I. Inch and
Schafer uised af met hod based oil th. lIe SSu in Pt ion that for most days thle thermial standard
responds in at rat her d efliiite ternperat tre/time pattern. Th[le major varilat ion inl thIis
pattern is thle ampl1)itUde Of the ditirnal curve -- a fuinct ion of the daily maxi linn and
inimiiutm tern perat tire. When approxijmat ions of a t hernial standard basel ine Curve were

at ter p~ted using only1, daily ma ,Xi mlti in and ini nintern perat tires for a year, the results
were unsatisfactory. H owever, it was discovered that a fairly actirate approximation of
a thermal standard baselie Curve cotild be created by a nthe hod wherein thle ternperature
at everv hour of the day is treated as a ratio of' the diurnal range. Ini this way, for any
mIaX i Iinurn and rnli ii n iii tern peratU re. thle remnain ing 2 2-hour ternperatutres Could be
approxirn~atedI Thus. frorn a year's daily maximumli and mlinlirnumll temp~eratuires in 730),
8,700 hourly V'aluies Canl be generated. and frequency Curves canl be constructed.

Tro create this normalized diurnal Curve, the temperatures for each sepaiate hiour
Of thle day for every day throughou101.t the year are summlied and averaged. Thie formIula

fr this operation I's 
(Y ~ ~ f

teulperattire ratio). = Y ) a - ( T)i

where i is the ith iotir. (ET)TI is the SUM Over the ith hour I or 305 days, (E~T), in

and ( El are the daily rninirnurn and maximumIL In s~l

lI is pr'ocedure was perfomned by uising acttial hourly values for every 5th day
ait I-ort llelvoi r. Thelk corn p)Uted ratios appear in table 3 aind] inl figcure 9 .*~ The Curves in
lieu re Q) are ta ken as represen tative of' ail eintire yea r. They show the averaged progression
Of ten lperalt1 tie hrotighl oit thIie day for thle thIiree measurement poinlts tinder considera-
tioli.

8H ii rd 1). (tc i nd Ho% aii Sik)\ . i liate, h: COhi lion of the V' WC' Thrmi al Standcard.
Pa it 3. .1lI ii~ia ii, and I- i-aluation )i /i hern Temal Slaiilar-d inl the ield, V IV'C I-P 4S34.

Prlt 3 it i-li.u1 iN o~i i till e li~rsl\ lor tie Naii Weapons ( enter. Chinai take. Calif..
17 . 3 0

') ia R ii.1r ). I bIeI I i iiit d o If Id S L lilet I er : 1ooII , o (I t t-e A It' C Th c-ila/I Stlanldard.

Pa ? I ppfica tiol ~,i n I a/uato,,, I th Hi herpi at Shid,ard inlth I/ lic/ld. Ri'( IT' 483?4
Pa i 3. Iti i:-I, aiii 'i o it it i i s o vl 1 0F I N jvit I Wkea Ito is Coentetcr. ( Iti r,i I i ke. (ai .

1 7 p il

Ie t ,i h rl I rIiivlit , l t urv raIil-s Io r Io ,r 1 3c 1%o ir ciir re %p oind (Iul ,i i~ It eI l1o 111o %e 1liii1

\krc c ttlli~iie'i hIT( 1ii1i 1 1 ik,-. (, iV. iSee VtIrie It anid S,lualer. P1itt 3 . p 1I
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-- -. -----------.. . .

HOUR TOP SURFACE CENTER AMBIENT AIR

00 .1068 .1792 .1423

01 .0750 .1357 .1300

02 .0570 .0977 .0995

03 .0394 .0738 .0697

04 .0197 .0434 .0298

05 .0041 .0226 .0116

06 .0000 .0026 .0000

07 .0574 .0000 .1126

08 .2223 .0593 .3065

09 .4525 .2116 .5374

10 .6827 .4117 .6899

11 .8527 .6139 .8141

12 .9499 .7705 .8882

13 .9879 .8831 .9492

14 1.0000 .9522 .9920

15 .9651 .9940 1.0000

16 .8870 1.0000 .9528

17 .7646 .9590 .8598

18 .6215 .8673 .6986

19 .4753 .7321 .5454

20 .3623 .5870 .4154

21 .2996 .4548 .3123

22 .2012 .3434 .2520

23 .1566 .2641 .2179

Table 3. Average I)iurnal Temperature Ratios - lort Belvoir, \'a.
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26



Figure 10 shows three cumulative relative frequency curves of thermal standard
top surface temperatures for Fort Belvoir. Two curves are composed of actual hourly
temperatures (every 5th and 10th day, respectively), and one curve was constructed
based on the temperature ratios found in table 3 and is composed of the actual maximum
and minimum temperatures for each day and tile synthetic temperatures determined by
the ratios. Tile three curves correspond quite closely with no more than 2 to 3 percent
difference between the curves at any one point. Again, the exception is the lowest 3 per-
cent of the curve constructed from tile data for every 10th day's hours. Tile extreme
cold days of February 1979 (lid not fall on a sampling day in this instance.

However, since the curves of actual temperatures and the curve of synthetic ten-
peratures corresponded so closely, it was decided that the generation of similar curves
of synthetic temperatures for the thermal standard center and the ambient air was not
necessary. Hence, the aforementioned method whereby synthetic temperatures are
derived by using actual daily maximum and minimum values and applying temperature
ratios appears to be a reasonable procedure for obtaining representative baseline curves
of thermal standard data. Once the ratios are established, a simple program can be set
up on a desk calculator to obtain the synthetic temperatures from an actual maximum
and minimumin temperature.

Once it was determined that the three curves appearing in figure 8 could serve as
baseline curves for Fort Belvoir, it was decided to compare these cur%es to similar curves
obtained from various prior investigations. In figures I I and 12, thbe top surface and
center thermal standard temperatures at Fort Belvoir are compared to those obtained
from desert and tropical areas.* A visual examination of these curves reveals that the
curve of Fort Belvoir data possesses a sh;ipc that is fairly consistent with tle curve of
China Lake data (although IOF ° to 201: cooler at each point along tile curve). As
one WonlId expect, the two c urves for the tropical locations exhibit a smaller annual
rawle' ol Ilmperalture than do the more Continental illidlat itude stations.

j ( I 1tj II lI ( tId stIhT cT'Th\ TIil 1T1 1TII'', ItITIT.II' III, ITir.

,t, a ,' A th,,i b ii' Ii .ii T rc2
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PREDICTING THERMAL STANDARD TEMPERATURES

A Basic Predictive Equation * Ulrich also investigat~ed tile prediction of
daily maximluml thermal standard top) surface temperatures using meteorological data.
If successful, this would mean that it would be possible to estimate the thermal re-
sponse of the thermal standard for any place in the world based solely on local mele-
orological data. During investigations involving 229 days of data from China Lake,
('alif., it was shown that the tot) surface maximum temperatures could he predicted
with anl accuracy of I13.5F' on more than 95 percent of thle days.1 0

Tile formula1 I used in making the predictions was

where

O I= excess temlperature over noon air temperature
a =0.6 (thle absorptivity of'the thermal standard)
k =3.67 (thermal conductivity)

(Ito tai total daily radiation in langleys

Z DID)l a X [ qn is the sumn of the daily solar r adiation mlaXi~nlS
(hourly values) for the months, and Eqoa is the sum" of

Eqoa thle daily solar radiation totals for the mionth]
f(v) thle heat transfer coefficient (a function of windspeed)

foichard D. Ulrich, Evb olu tion of' the N WC The'rm al Standard, Part 2. Comnparison

of' Theory with Exprerimn t. NWC TP 4834, Part 2. Brigham Young University for the
N aval Weapons ('entecr, Chtina Lake C alif., 1971.

IR ichard 1). U 1inch . Evolution of tire N WC Thuermal Standard, Part 2. Comnparison of

Theor v with I'xperint cnt. NW C TP 4834, Part 2, Brigham Young U niversity for the
Naval Weapons Center, China Lake,Calif.. 1971, pp. 33-36.
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'Fable 4 contains thle daily predictions of' excess temperature ( .the actual
Measured excess temperature (0,., ). arid their differences f'romn lb June 1 978 to

15 June 1979 at I:ort Belvoir. Va. Thle noon air Value was approximated in all cases
since actual noon air values were not gathered onl a regular basis.* Because two different
Sources of' solar radiation data are used. thle -Z- Values are not constant dUrini.z sonme
ot' thle mlonthis.

Annually. tile distribution of* differences between the actual temperatunrc excess

(0\,) and the predicted excess (0a i ) ound in table 4 had at mean of' 2.52 anid a
standard deviation of' 5.54. Ihis translates into 95 percent of the predicted values f'alling
into the range tI I I-' . I his is slight ly better than thle Value obtained t'roni China Lakc
±13.51:'). On a monthlly basis, thle best predict ions occurred dutring thle winter, arid

tile poorest dutring the suin ncr. III I'act, most predict ions that were made onl days withI
low radiation (sumnmer inclutded I were better t han those made onl days with high radiation
loads. Predict ions generated onl days with greater windspeeds tended to be better than
hose matte onl days when the windspeeds were rather low.

Some of' the excessive over- and nuder-predict io is thrat a ppear in table 4 %kere
examIine~d. It Was f'ound that Mainy oh' these that were approximatel\ + I Of. and greater
could be c plained by chianges in Clouid co~ er anrd 'or w\in dSpeed that occurred dutring

hie 11o r1ed hatC epost noon period ( 1200 -- I5 i() hours). MIa ny other f'act ors imight also
have somic bearing onl tile aiccuracy Of' tilie predjtio1Ns. 01ne factor is that the ablsorpt ivit N
of' thle thernial standaird cani onl\ be de~terminedI to 0.0 3 t.00 (0.57 -- 0.69). Anlother
t'actor is that tile solar radiatioil %allies being1- Used were f'rom sonurces thIiat were izreat er
that 20 miles distant f'rom the thermal standard test site. lDriring the summer months.
the locally isolated nature of \uanywather pheilnmena in) this area c'an Leausm' radiation
values to d irfer great K, os er very short d ist ances. Hlie ra 'tier sensitive nature of' thle
eqluationi to clamuces In "JIidSpCedS if) the 2'- to 5-knot rangev bro irehi upI another area of
concern. About half'of the wind Ldta Used III this study, arnd all of thet Wind djata it ('11iiia
I lke, were extrapl)Oaed f'rom otheri sources. InI thle c,c of I ort lielvoir. \kinds f'rom a

I ! t, .1 1 , II I t tj m d I I II t I Ii cc I 1 1, IjIII . I I II
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Top Noon q total Z wind Ocal 6 exp Diff.
DATE Surface 1 0

Max T Air T cal/cm 2 / speed, F °  F F
oF  OF hr Itotal] knots

Jun.'78

16 116 77 587 .132 2 51.2 39 12.2
17 104 75 271 .132 3 19.7 29 -9.3
18 125 87 472 .132 2 41.1 38 3.1
19 128 88 501 .132 2 43.7 40 3.7
20 121 80 649 .135 2 57.8 41 16.8
21 ill 80 393 .135 5 23.4 31 -7.6
22 120 84 555 .135 3 41.3 36 5.3
23 118 78 701 .135 3 52.2 40 12.2
24 117 78 640 .135 2 57.0 39 18.0
25 121 80 617 .135 3 45.9 41 4.9
26 107 81 355 .132 3 25.8 26 -0.2
27 129 88 605 .132 2 52.7 41 11.7
28 118 84 640 .132 5 37.2 34 3.2
29 123 84 637 .132 3 46.3 39 7.3
30 121 85 631 .132 4 42.1 36 6.1

Jul.'78

1 118 78 601 .139 2 55.1 40 15.1
2 69 61 77 .139 2 7.1 8 -0.9
3 66 62 54 .139 2 5.0 4 1.0
4 98 66 291 .139 2 26.7 32 -5.3
5 0. 0 .. Q o .o

6 116 78 579 .139 3 44.4 38 6.4
7 116 80 696 .134 5 41.0 36 5.0
8 118 83 547 .134 3 40.4 35 5.4
9 124 85 612 .134 2 54.1 39 15.1

10 124 88 534 .134 3 39.4 36 3.4
11 108 72 704 .134 4 47.7 36 11.7
12 115 74 733 .134 3 54.1 41 13.1

13 il 77 649 .139 4 45.6 34 11.6
14 102 77 299 .134 2 26.5 25 1.5
15 117 81 480 .134 2 42.5 36 6.5
lb 84 1 70 152 .134 2 13.4 14 -0.6

Latle 4 ( om1mrisn nI () Aiulcd mnd I \pcr~mcntaI \AUilc' (l
W mintim. I cl~n r tur c I \L , at1 )I ort iL'oir, V&
Ih 1111C I - i JUtR' 19791
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Top Noon q 1total Z wind cal eexp Diff.DA E S raxcT Air T cal/cm2/ " qmax " windiffDATE Surface

Max T speed, F°  FO  FO

OF  OF hr Stotal knots

ul. '78
(cont;)

17 107 80 416 .139 4 27.7 27 0.7
18 122 82 540 .139 2 39.6 40 -0.4
19 119 84 560 .139 5 30.1 35 -4.9
20 124 84 599 .139 2 42.2 40 2.2
21 124 87 568 .139 3 36.7 37 -0.3
22 127 91 536 .139 4 32.2 36 -3.8
23 127 92 610 .139 5 31.6 35 -3.4
24 116 82 401 .139 3 29.8 34 -4.2
25 101 77 196 .139 2 21.6 24 -2.4
26 117 81 379 .139 2 32.0 36 -4.0
27 120 88 557 .139 4 33.0 32 1.0
28 116 83 466 .139 2 36.3 33 3.3
29 ll 82 515 .139 5 28.6 29 -0.4

30 105 81 341 .139 3 27.0 24 3.0
31 117 82 406 .139 2 33.4 35 -1.6

Aug.'78

1 108 77 261 .157 2 27.1 31 -3.9
2 105 78 211 .157 2 21.9 27 -5.1
3 113 83 424 .157 4 33.7 30 3.7
4 100 75 159 .157 2 16.5 25 -8.5
5 120 81 406 .148 2 39.7 39 0.7
6 108 79 420 .148 3 34.3 29 5.3
7 113 84 397 .148 3 32.4 29 3.4
8 121 83 497 .148 2 48.6 38 10.6
9 123 83 508 .148 2 49.6 40 9.6

10 121 82 505 .148 3 41.2 59 2.2
11 120 83 542 .148 3 44.2 37 7.2
12 113 80 338 .148 2 33.0 33 0.0
13 97 77 252 .148 4 18.9 20 -1.1
14 123 83 485 .148 2 47.4 40 7.4
15 123 85 447 .148 3 36.5 38 -1.5
16 123 86 523 .148 2 51.1 37 14.1
17 121 85 598 .148 4 44.7 36 8.7

I
ria1le 4. (ont ined
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Top Noon q total Z wind Ocal Oexp Diff.DATE Surface qaO

Max T Air T cal/cm 2 / speed, Fd F"'

oF  OF hr taIj knots

Aug. '7
(cont;)

18 119 81 570 .148 2 55.7 38 17.7
19 127 86 576 .148 3 47.0 39 8.0
20 109 77 619 .148 5 40.3 32 8.3
21 ill 76 632 .148 4 47.3 35 12.3
22 119 79 560 .157 3 48.4 40 8.4
23 123 82 517 .157 2 53.6 41 12.6
24 122 84 542 .148 3 44.2 38 6.2
25 120 85 447 .148 2 43.7 35 8.7
26 116 82 432 .148 2 42.2 34 8.2
27 104 78 227 .148 3 18.5 26 -7.5
28 114 83 372 .148 2 36.3 31 5.3
29 120 85 481 .157 4 38.2 35 3.2
30 122 84 299 .148 2 29.2 38 -8.8
31 102 80 214 .148 2 20.9 22 -1.1

Sep.'78

1 99 74 400 .158 4 32.0 25 7.0
2 112 78 523 .158 5 36.4 34 2.4
3 ill 80 421 .158 3 36.7 31 5.7
4 109 77 475 .158 4 38.0 32 6.0
5 117 80 550 .158 3 47.9 37 10.9
6 119 82 522 .158 2 54.4 37 17.4
7 115 85 475 .158 5 33.0 30 3.0
8 115 81 413 .158 2 43.0 34 9.0
9 ill 80 309 .158 2 32.2 31 1.2

10 99 72 306 .158 3 26.6 27 0.4

11 107 79 385 .158 4 30.8 28 2.8
12 115 83 407 .158 3 35.4 32 3.2
13 83 64 150 .158 2 16.5 19 -2.5
14 84 64 201 .158 3 17.5 20 -2.5
15 103 75 426 .158 4 34.0 28 6.0
16 iI1 81 426 .158 3 37.1 30 7.1

ldIlC 4. (Coit milJl
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Top

DATE Surface Noon lc wind OCal eexP Diff.

Max T Air T cal/cm2! lqa31 speed, F0  F0  F0

OF  F hr qtotal knots

Sep. '78
(cont;)

17 117 81 390 .158 2 40.7 36 4.7
18 121 86 433 .158 2 45.1 35 10.1
19 ill 86 427 .158 4 34.1 25 9.1
20 96 72 205 .158 2 21.4 24 -2.6

21 107 79 347 .158 2 36.1 28 8.1
22 101 79 176 .158 5 12.2 22 -11.8
23 76 62 180 .158 3 15.7 14 1.7
24 95 75 263 .158 3 22.9 20 2.9
25 104 74 331 .155 3 28.3 30 -1.7
26 98 64 451 .155 2 46.1 34 12.1
27 99 78 425 .155 5 29.0 21 8.0
Zb 96 70 411 .155 4 32.2 26 6.2
29 96 63 442 .155 3 37.8 33 4.8
30 . ..... ..

Oct.'78

1 
2 - 2 

. 0. . .0

2 97 66 382 .168 5 28.2 31 -2.8
3 98 65 393 .171 3 37.0 33 4.0
4 85 62 236 .168 2 26.2 23 3.2
5 69 58 79 .168 2 8.8 11 -2.8
6 97 66 395 .168 4 33.6 31 2.6
7 83 58 305 .168 8 20.3 25 -4.7

8 77 52 249 .168 5 18.4 25 -6.6
9 89 58 425 .168 3 39.3 31 8.3

10 97 65 403 .168 2 44.7 32 12.7
11 98 66 401 .168 3 37.1 32 5.1

12 98 72 354 .168 4 30.1 26 4.1
13 99 76 334 .168 3 30.9 23 7.9
14 79 62 187 .168 3 17.3 17 0.3
15 79 52 328 .168 4 27.9 27 0.9

Tzible 4. ('oritir cd.
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Top Noon qtotal Z wind Ocal eexp Diff.Max T Air T cal/cm 2 / Iq 1 speed, F F0  F0

OF  OF hr qtotal knots

Oct.'78
(cont;)

16 71 53 121 .168 2 13.4 18 4.6
17 74 54 204 .168 2 22.6 20 2.6
18 83 58 351 .168 7 24.6 25 0.4
19 75 57 214 .168 3 19.8 18 1.8
20 85 60 338 .168 5 25.0 25 0.0
21 95 66 360 .168 3 33.3 29 4.3
22 103 74 348 .168 3 32.2 29 3.2
23 105 78 305 .168 4 25.9 27 1.1
24 81 52 364 .168 2 40.4 29 11.4
25 85 63 349 .168 8 23.3 22 1.3
26 94 76 168 .168 4 14.3 18 -3.7
27 84 57 348 .168 5 25.7 27 -1.3
28 89 61 333 .168 3 30.9 28 2.8
29 85 60 318 .168 4 27.0 25 2.0
30 79 57 318 .168 6 23.5 22 1.5
31 85 58 321 .168 3 29.7 27 2.7

Nov.'78

1 88 62 292 .180 5 23.1 26 -2.9
2 92 64 329 .180 3 32.6 28 4.6
3 91 64 294 .180 2 34.9 27 7.9
4 56 51 93 .180 7 7.0 5 2.0
5 94 67 295 .180 2 35.1 27 8.1
6 91 70 270 .180 5 21.4 21 0.4
7 87 64 145 .180 2 17.2 23 5.8
8 62 51 147 .180 4 13.4 11 2.4
9 84 58 296 .180 3 29.4 26 3.4

10 82 58 238 .180 3 23.6 24 -0.4
11 80 60 209 .180 2 24.8 20 4.8

12 70 57 123 .180 3 12.2 13 -0.8

T~ible 4. (mntimic]. 
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TopA u Noon qtotal Z wind Ocal Oexp Diff.Max T Air T cal/cm2 / Fqm1 e P0 F F0Ma Tj t- a l ] speed , F

OF  OF hr knots

Nov. '78
(cont;)

13 52 49 19 .180 2 2.3 3 0.7
14 83 66 236 .180 8 16.9 17 -0.1
15 70 59 47 .180 2 5.6 11 -5.4
16 46 44 24 .180 4 2.2 2 0.2
17 53 50 26 .180 3 2.6 3 -0.4
18 83 60 257 .180 7 20.2 23 -2.8
19 73 50 228 .180 3 22.6 23 -0.4
20 73 48 233 .180 2 27.7 25 2.7
21 72 50 170 .180 2 20.2 22 -2.2
22 46 39 45 .180 3 4.5 7 -2.5
23 49 45 29 .130 2 3.4 4 -0.6
24 73 54 202 .'80 8 14.4 19 -4.6
25 48 38 116 .180 10 7.9 10 -2.1
26 53 39 117 .180 7 8.8 14 -5.2
27 33 30 30 .180 2 3.6 3 0.6
28 50 42 85 .180 3 8.4 8 0.4
29 49 39 94 .180 2 11.2 10 1.2
30 71 46 173 .180 2 20.6 25 -4.4

Dec.'.8

1 70 44 214 .192 2 27.1 26 1.1
2 78 55 165 .192 2 20.9 23 -1.1
3 60 50 90 .192 5 11.4 10 1.4
4 76 66 93 .192 5 7.9 10 -2.1
5 63 48 144 .192 2 18.3 15 3.3
6 79 55 206 .192 2 26.1 24 2.1
7 65 50 123 .192 2 15.6 15 0.6
8 76 68 71 .192 3 7.5 8 -0.5
9 66 65 21 .192 4 2.0 1 1.0

10 47 30 219 .192 6 18.0 17 1.0

T able 4. (ontinucd.
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Top Noon qtotal Z wind Ocal Oexp Diff.DATE Surface -q a

Max T Air T cal/cm2! - speed, F F F
OF hr Cqtotal knots

Dec.'78

(cont;)

11 55 30 211 .192 2 26.7 25 1.7

12 63 42 140 .192 4 13.6 21 -7.4
13 70 53 214 .192 7 17.2 17 0.2
14 51 35 215 .192 8 16.4 16 0.4
15 67 52 180 .192 4 17.5 15 2.5

16 76 53 199 .192 8 15.1 13 2.1
17 56 41 169 .192 10 12.3 15 -2.7
18 60 46 202 .192 5 17.1 14 3.1
19 49 36 122 .192 6 10.0 13 -3.0
20 40 39 23 .192 3 2.4 1 1.4
21 65 49 182 .192 6 15.0 16 -1.0
22 63 42 207 .192 3 21.9 21 0.9
23 69 47 193 .192 4 18.7 22 -3.3
24 43 41 29 .192 2 3.7 2 1.7
25 60 42 175 .192 6 14.4 18 -3.6
26 53 42 132 .192 3 14.0 11 3.0
27 52 31 213 .192 5 18.0 21 -3.0
28 50 29 214 .192 6 17.6 21 -3.4
29 59 32 208 .192 2 26.4 27 0.6
30 51 36 137 .192 4 13.3 15 -1.7
31 38 36 18 .192 4 1.7 2 -0.3

Jan.'79

1 63 58 24 .200 7 2.0 5 -3.0
2 60 58 14 .200 10 1.1 2 -0.9
3 34 15 222 .200 8 17.6 19 -1.4
4 47 28 222 .200 8 17.6 19 -1.4
5 47 30 132 .200 3 14.5 17 -2.5
6 53 32 126 .200 3 13.9 21 -7.1
7 41 38 26 .200 3 2.9 3 -0.1
8 45 32 130 .200 8 10.3 13 -2.7

9 49 25 226 .200 3 24.9 24 0.9

Til)le 4. ( 'omindiL .
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TopDAT Noon qtotal Z wind ecal Oexp Diff.MaT T Air T callcm2/ jqmax 1speed, FU Fo  Fo
o F hr Ytotal knots

Jan.'79
(cont;)

10 39 26 126 .200 3 13.9 13 0.9
11 36 18 124 .200 4 12.5 18 -5.5
12 27 21 64 .200 3 7.1 6 1.1
13 33 30 36 .200 4 3.6 3 0.6
14 42 37 69 .200 6 5.9 5 0.9
15 53 30 238 .200 5 21.0 23 -2.0
16 66 42 182 .200 2 24.0 24 0.0
17 47 36 55 .200 2 7.3 11 -3.7
18 43 34 241 .200 15 14.8 9 -4.2
19 36 20 143 .200 3 15.8 16 0.2
20 29 28 20 .200 2 2.6 1 1.6
21 43 41 38 .200 8 3.0 2 1.0
22 51 36 161 .200 10 12.2 15 -2.8
23 55 34 193 .200 5 17.0 21 -4.0
24 56 52 23 .200 5 2.0 4 -2.0
25 43 32 116 .200 12 8.2 11 -2.8
26 56 37 238 .200 8 18.9 19 -0.1
27 66 42 257 .200 6 22.1 24 -1.9
28 40 33 24 .200 3 2.6 7 -4.4
29 55 37 204 .200 10 15.5 18 -2.5
30 53 34 254 .200 13 16.7 19 -2.3

31 39 27 143 .200 6 12.3 12 0.3

Feb.'79

1 41 24 260 .172 9 17.7 17 0.7

2 51 29 295 .172 6 21.8 22 -0.2
3 55 32 158 .172 2 17.9 23 -5.1

4 63 42 218 .172 3 20.7 21 -0.3
5 43 24 307 .172 9 20.9 19 1.9

6 51 26 267 .172 2 30.3 25 5.3
7 27 20 19 .172 3 1.8 7 -5.2
8 53 29 293 .172 4 25.5 24 1.5

Table 4. ('ontimicd
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DAE urac Noon qtotal Z wind Ocal Oex Diff.DATE Surface "F if

Max T Air T cal/cm 2/ qinax speed, FO F" Fl

OF  OF hr qtotal knots

Feb.'79

(cont;)

9 41 18 301 .172 4 26.2 23 3.2
10 50 22 275 .172 3 26.1 28 -1.9
11 41 14 297 .172 3 28.2 27 1.2
12 27 18 99 .172 6 7.3 9 -1.7
13 37 15 235 .172 4 20.4 22 -1.6
14 52 18 251 .172 2 28.5 34 -5.5
15 20 16 42 .172 3 4.0 4 0.0
16 38 28 119 .172 4 10.4 10 0.4
17 42 12 376 .172 3 26.2 30 -3.8
18 15 7 86 .172 5 6.5 8 -1.5
19 53 30 318 .172 7 22.8 23 -0.2
20 70 37 299 .172 2 34.0 33 1.0
21 41 37 51 .172 4 4.4 4 0.4
22 85 50 350 .172 2 39.7 35 4.7
23 51 37 85 .172 2 9.7 14 -4.3
24 42 38 59 .172 4 5.1 4 1.1
25 41 38 40 .172 4 3.5 3 0.5
26 38 33 37 .172 4 3.2 5 -1.8
27 72 36 268 .172 2 30.4 36 -5.6
28 82 52 390 .172 4 33.9 30 3.9

Mar.'79

1 67 49 171 .157 3 14.8 18 -3.2
2 78 53 373 .157 4 29.6 25 4.6
3 53 41 100 .157 2 10.4 12 -1.6
4 69 58 81 .157 2 8.4 11 -2.6
5 59 54 42 .157 3 3.6 5 -1.4
6 57 55 74 .157 4 5.9 2 3.9
7 81 52 363 .157 3 31.4 29 2.4
8 81 53 346 .157 2 35.9 28 7.9
9 85 57 384 .157 3 33.2 28 5.2

F~llble 4. ( limik'
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ToP Noon q total Z wind ecal Oexp Diff.

DAT T Air T cal/cm2 / qa speed,F F F0

oF OF hr qtotaj knots

Mar.' 79
(cont;)

10 81 62 166 .157 2 17.2 19 -1.8
11 55 32 347 .157 8 21.6 23 -1.4

12 69 47 422 .157 6 28.4 22 6.4
13 80 61 396 .157 10 23.7 19 4.7
14 70 58 177 .157 5 12.2 12 0.2
15 52 29 477 .157 10 28.5 23 5.5
16 69 43 466 .157 5 32.2 26 6.2
17 88 60 460 .157 5 31.8 28 3.8
18 83 62 453 .157 8 28.2 21 7.2
19 85 54 471 .157 4 37.4 31 6.4
20 83 58 477 .157 6 32.1 25 7.1
21 91 60 456 .157 4 36.2 31 5.2
22 94 64 466 .157 4 37.0 30 7.0
23 88 64 417 .157 7 27.3 24 3.3
24 77 58 103 .157 2 10.7 19 -8.3
25 65 46 254 .157 4 20.2 19 1.2
26 68 42 376 .157 8 23.4 26 2.6
27 76 47 277 .157 4 22.0 29 7.0
28 79 49 504 .157 4 40.0 30 10.0
29 97 75 433 .157 8 27.0 22 5.0
30 108 81 365 .157 3 31.5 27 4.5
31 105 77 318 .157 2 33.0 28 5.0

Apr.'79

1 90 65 155 .147 2 15.0 25 -10.0
2 63 53 80 .147 2 7.8 10 -2.2
3 53 50 74 .147 4 5.5 3 2.5
4 44 42 32 .147 5 2.1 2 0.1
5 83 55 403 .147 6 25.4 28 -2.6

6 67 47 554 .147 10 31.0 20 11.0

7 69 46 562 .147 8 32.8 23 9.8

Table 4. ('ontinuCd.
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Top Noon qtotal Z wind Ocal Oexp Diff.DATE Surface 'q a p e , FC 0 F
Max T Air T cal/cm

2 / 1speed, F F °  F

OF  OF hr talj knots

Apr.'79
(cont;)

8 76 48 269 .147 3 21.8 28 -6.2
9 47 42 54 .147 2 5.2 5 0.2
10 81 54 573 .147 10 32.1 27 5.1
11 93 63 520 .147 6 32.8 30 2.8

12 79 61 189 .147 4 14.1 18 -3.9
13 52 49 66 .147 4 4.9 3 1.9
14 83 58 531 .147 8 31.0 25 6.0
15 76 54 298 .147 8 17.4 22 -4.6
16 67 50 154 .147 6 9.7 17 -7.3
17 79 54 350 .147 4 26.0 25 1.0
18 85 60 599 .147 10 33.5 25 8.5
19 88 61 591 .147 9 34.4 27 7.4
20 93 61 593 .147 4 44.1 32 12.1
21 99 69 573 .147 6 36.1 30 6.1
22 102 72 378 .147 2 36.7 30 6.7
23 86 67 227 .147 3 18.4 19 -0.6
24 76 65 158 .147 4 11.7 ii 0.7
25 103 76 432 .147 5 28.0 27 1.0
26 66 62 115 .147 10 6.4 4 2.4
27 90 67 211 .147 4 15.7 23 -7.3
28 87 63 376 .147 3 30.5 24 6.5
29 89 58 540 .147 5 34.9 31 3.9
30 99 71 584 .147 5 37.8 28 9.8

May '79

1 95 64 662 .144 6 40.9 31 9.9
2 102 70 629 .144 4 45.8 32 13.8
3 89 72 191 .144 4 13.9 17 -3.1
4 81 66 126 .144 2 12.0 15 -3.0
5 91 61 660 .144 5 41.8 30 11.8
6 95 69 563 .144 7 33.9 26 7.9
7 112 79 610 .144 4 44.4 33 11.4
8 115 82 582 .144 4 42.4 33 9.4

Table 4. ('ontinucd.
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Top Noon qtotal -Z wind Ocal 1exp Diff.

DATE Surface / pe d, ' F0  F0
Max T T Cal/cm spee
MF OF hr Yqtotal knots

May '79
(cont;)

9 115 83 600 .144 4 43.7 32 11.7

10 117 85 545 .144 4 39.7 32 7.7

11 117 83 541 .144 3 42.9 34 8.9

12 110 74 302 .144 2 28.7 26 2.7

13 97 72 147 .144 2 14.0 25 -9.0

14 89 65 305 .144 2 29.0 24 5.0

15 110 75 533 .144 2 50.7 35 15.7

16 99 68 713 .144 6 44.0 31 13.0

17 101 69 699 .144 5 44.3 32 12.3

18 92 68 385 .144 3 30.5 24 6.5

19 94 68 524 .144 6 32.4 26 6.4

20 100 71 372 .144 2 35.4 29 6.4

21 85 67 188 .144 2 17.9 18 -0.1

22 101 72 529 .144 5 33.5 29 4.5

23 95 76 249 .144 4 18.1 19 -0.9

24 92 73 237 .144 6 14.6 19 -4.4

25 100 68 381 .144 2 36.2 32 4.2

26 81 58 286 .144 2 27.2 23 -5.8

27 92 70 310 .144 4 22.6 22 0.6

28 99 70 261 .144 3 20.7 29 -8.3

29 108 74 539 .144 4 39.3 34 5.3

30 109 78 662 .144 5 42.0 31 11.0

31 91 72 272 .144 3 21.6 19 2.6

Jun,'79

1 110 80 381 .136 3 28.6 30 -1.4

2 105 77 447 .136 4 30.7 28 2.7

3 71 64 71 .136 3 5.3 27 -1.7

4 95 70 405 .136 4 27.9 25 2.9

5 115 81 599 .136 4 41.2 34 7.2

6 119 83 497 .136 3 37.2 36 1.2

Table 4. (ontinL'cd
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Top Noon qtotalu c aqzx . wind Ocal Oexp Diff.

Max T Air T cal/cm
2 / speed, Fu  FO F °

OF  OF hr fqtotal knots

Jun.'79
(cont;)

7 118 84 469 .136 4 32.2 34 -1.7

8 108 81 465 .136 3 34.9 27 7.9
9 123 85 607 .136 2 54.5 38 16.5
10 120 85 433 .136 2 38.9 35 3.9
11 87 67 406 .136 5 24.3 20 4.3

12 102 73 724 .136 5 43.3 29 14.3
13 107 69 645 .136 4 44.4 38 6.4
14 112 76 721 .136 3 54.0 36 18.0
15 114 79 700 .136 4 48.2 35 13.2

Table 4. Continued.
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sensor at tile 2-toot level at anl airtield were extrapolated to represent winds at thle
thermal standard test site -- a location sheltered by trees and a build lug, and for thle
most part lower than the surrounding terrain. Thus, errors of' a f~ew knots are inh."-ent
during this extrapolation process. An error of' a few knots in thle windspeed. especiall>
onl dlays with a high solar load, can easily mean a difference of 1011'~ to 201: - between
predicted valutes of' 0,,, For example, onl ai da% wit h a o o' 700 1ly. the difference
between a 0,1 computed withI a 2-knot wind and one comnputed withI a S-knot wi1nd
is about I9F'.

A D~erivat ion ot' thle prediction I-quation 0 In anl effort to discover if' better
estimates ot' excess temperature (0O, )could be obtained for Fort Belvoir. an empirical
derivation of' thle basic predict ion equation was constructed. This derivation equation *

w as

0" ( l I~ + ( 2 T2

=loa total daily radidtion in langleys

C1 thle absorptivit y ot the thermal standard
h = heat transfer coefficient x 0. 1 (a function of' windspeed)

(I+ W2 r2) at ten nat ion factor (a function of' windSpecd)

I Otr 111 C\ 1 ILiljt1 i't id t'~ rdI'Ilil Musit Tati, lolt tie CleC11icit ol th is equationtt. see V iticit

Vi'. i 4 1 1).
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)( eral . hie derimat ion proved to bc a mlore accurate predictor when applied it) fihe data
at I ort lickoir OI lie derivat ion yielded a mean of' 1 .24 and a standard deviation of' 3.05
v. jircas. t he basic equnat ion provided a meianl of* 2.52 and a standard deviation of- 5.54
whlen applied to thle l-ort Belvoir data. Inl add it ion, dutring dlays with high solar radiation
10loaSan ilow 10 WinldSedS. thle excessive over-predict ions evidenlt dUring application of'
tlie basic equnation were not miaitested wli en this de rivat ion was employed.

to coinpare thle reSltJs obtained from hothI predictive equations to thle actual
thermal standard, top) stirace temperattires at Fort Blloir. onec must construct I're-
kluecil ktirves (ftigure 13). [he cuirve of' actual valueCs was taken from figure 10 and
coimprises X .'7t0 teniperatutres - act tial daily maxim nin and mli nimin1 tem peratures.
plus those obtained b% using thle telinperat tire ratios of* table 3. The curves for thle basic

eq niat ion and derimat ion wvere constructed m uing thle predicted top surf'ace values and
tile aettia unmum ai r temperature tor cacti day1. The 11iniiiiili~ air temperature is a
,oodI approxi mat ion of thle miiimu m thberm al standard, topl sumrl'ace teiiiperatUre. and it
wonuId be tile ul ti tie sed inl lieu of' actual thermal stalda rd data. The remaining temi-
peratures for cacti predict ion were l'ounmd by tising again tihe temperature ratio method.

[-or the most part. thle curves iii figure 13 are almost identical through the lower
70) percent. Ill tile tipper 30 percent. thle curve of' actual ValueCs anld tilie cur ve f'rom thle
derikat ion of" the predictive eqtuat ion are ideint ica I' whereas. the curx e coin p)osed Of'
values f'rom thte basic equation exhlibits a I to 2 percent ditfference f'ro ile other two
curves. [His diff'erence. expreSSed inl tem prat tire, translates in to I V to 21:' increasing,
to s K' to 10:- towards tilie uppermost part of t lie diSt ribut ionlS.

It would appear that thle derivat ionl of' tilie basic eq tliiou is a better predictor at
F ort Beivoir. I however. thle derivation proived to be less than desirable when it Was all)ied
toi thle data troii ChIina Lake. ('alit'., as ececssive nder-predict ioims resulted. Itiis was
especialh\ evident dutring thle summe iir initlis. It wtnmlu seeni1 that both iOf' t lieSe e iat ionS
couild possess geograplic and or climatic liiiitations iii their applicability. Only fortlim
inl vest igat ions., iii~olv inc, thIese and othter -lima t ions with tithermial standard data bases
t'romii various cl iniatic regionis will con f'rin or negate: t his assumiipt ion.
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I'ictdiotive Relationships 0 Two other predictive trials were perlormed. The
fi rst inxols ed predicthi u the center daily max ilillnum teinperatUre whecn both the surface
dajl\ iiamiiitm and ambient air maximum temperatures are known. Thle second involved
prvd let inc thle top surface maximum temperatUre when the center maximum and ambient

air ma\iiiii in epera tutres are known.

I 1ie si111)o C(11161 pi tl o sed for thits process was

I - Predictive Ratio
I T'

x%%here I .I And 1I are \early mleanlue bLCSfr the thermal standard center. the
.ttihIenI-t air, and the thermalJ stan1dard top stirt'ace temiperatures.

Ithe pr'd ILt 11C rati 0A I ort lichl oir \\as computed at 0. 587 . When thle actulJ
dail mnitinil t l-Iiial stimitarl surjf'ace teiliperatUres anld thle daily maXimuml~l air

Tein 'eorA mme x ec inserted lin t le formula, it was found that thle ceniter daily ma ximum
tentpe rat nrc -ouldW he pred le~d to "~it tii 2.1' IOf' act nal values onl about 95 percent
ot the da\ s. I hc preditixe ratio at C hina Lake wkas 0.375. and the center maximum

cill1perit iir \~I, pred icted to wAithin 2 onl all but onec of' the days. I2The lower
pmfdIVI\ m ccait\A I ort lehlxoi IN INNUiMid to be weather related. i.e., cIOloiess.

ill1,1. eL ( )btimin tlmct) stirtaic itli\ittiuiit temperature f'ront thle p~redictive ratio
ichcdi..iuhli \ t stma cIIIlipe to %wit i 3.51 of' actutal tp suirface temperatures

I h pie1,1% Iiiilites" e\Jilliilo't ihox e sloxk JritS as useful tOotIs Ill deter-
rmmtiirtc rcslpiitis mIlpeIIjCttires I ilirt Im \% ik should stressN the application

,It 1s&N lcmej1iiit, 1l1 ilil icintil staiidl data bases, to deterineno thle nature
.1a,1 l\ I' icii I t IsNiH,c( enriph tc oi J Iimitic rest ric t lons Ii I itir usace%. Once perfected,.
It 'lit )I itlkt p( )ssihic to create oappi ( \miiia lsw of t hermal staindard basehln c'Urves for
itlix i o ,dt th, x wtIll I rnmi tliskc ipim wtions, the therinal response nature of'

Illl idl, AM s] tmrttii canl Ilk cstitited



D.)ISCUSSION

Fie predictive eq nlt ion dlevelopeCd hN Ulfrich proved to he at fair predict or ol' thle
dailV top) sulrfaicem xl&i in ni tern pcrat tire. This equnat ion performied excellently d tiring
the cooler mont its and onl d avs with low to moderate solar radi tiOn loads, hut dtirine,
periods of h ighl radIiat itn ii nd low wi ntlsleeds it over-predicted excessive)l \ i an \ Inl-

st ailces An em p it derivation of' tis hasic predictive equnat ion was exained ni

foun1d to predict with great accuracy at Fort Belvoir. Predict ions for (hina Lake, (aiit..
uising~ the decrivaition. however. provedl to he less than satisfactory. Bh equL 160nS. as wellI
ats others, sh1otilil he exaliiiied ftirther to idetermine it' there are geographic or cliimat ic
limitations to their usai-e,.1and the ex\tent ot- these limitations.

[he inatutre of' the meteorological inptits into thle predictive eiqtat ion can present
some proh emsl. Idia .l\ i nispecil. solar railiat ion, and teminperatutre if at a shotilid he

at liere(I at t Iie tcest site, as cx rapolaltion of' idata from one place to a nohrcnIoti
Uncertaint\ anil probhabIi error. [h le preidict ion equation is extremecly sensitive! to siiia I

chngs i)wiilpeilinth 2 t 5knt ane. If' windispeeds cannot he gat hereid at thle
alctutal test lite. thlen extremec care mu tst he exerciseid ifutring extrapolattion. It thle eq nait ion
is, hei11 J g a ppl ito anl area for wvhmichi no0 wiilLSpeedI datat exist, or only idata fin a grossl\
suminr/cil form, then perhaps a seriies of' cturves Sholild he generatteil. Inl each etirve
tIme p~reitictiL I therilal ,ailuics ifuringL the Iigh-stin periods WOtill he hased if on a ingle
w iififspiel-C NA1 alie .g. 2. 4. (1 knots,).

Solar ri-awionm dt or most of the \'.orlil are teittoii and skechyl, t if\.liilhlC
at all. I urtherinore. imeic ctiac\ of' aviilhle MeaiSuremenClts is, iehat~ihle. If" solar raima-
tion) data irc 11ot i)tIild atl tti' testl Site Or ,ivalhhi' trom Jm nearh\ stat on. file)) dha
from anl ;m"lgoitatioll of- set of staltions shlould hel selctedk. kl'CpiiMg Inl mlind 1an\
local faictor,, tha mua\ cnhanc o~r attenuate iicoiniiw r,itin .it tile test site (exg..
elevation., Clidinss. p)olution., etc.I.

Noon air temperatures. although-1 easl\ . ,Jll,hIC for 11st-ordiC stamions tin the
Uniiteid States, are not alwka\, s .iailahle front toreigmi mics \ i o-\tvktig of the ire-ie-
lionl equIa10to It) acept kiaily ii\mijni air tliperature ittstc,i ,tl mln iioto tciiattire
wotild rcimmeilv tisl', tiu.a thme daikml\ua\iiiii telpei-itic ts 1 maltc hia appears
imo.-e lreqtienitl iii pimhilmi form. \11i1io er posshll\ \Would hel t0 "sum1u1At' the ,i crllg

idiurnal tiuie temperatmure c cli~ h\ climatic om vcolllaq ic mee ii'L -11 I fll', tishion., Once
the dail\ iuiinuii)l Iei))l criiroe tor a itio ,001 al oht~lAL'k 11l tIm 1 imo it ir riperattir
can he approxiumei timrl\ icctira~ld\.
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CONCLUSIONS

1. The t'req nen1CY curves of' t hernmal stanrd ard topl so rlacc a id ct~i er tci pkcrac
at F~ort liehoir possess a shape similar to those for China Lake, (';rliorria. altliogh, thc\
treo~ F01 to ')O'. cooler at all points along the curves.

I. lie regression eq uat ions a ppear to be good predictors ( sei Lat high
teiuperat I cs) b. ht their Usage is most likely limited to geog~raphic and climatic areas
simi lar to tort ikivoir.

3. Mlore research is needed on the response of' NWC thermal staldards in other
areas of' the world (e.g. I uirope, thie Middle Fast, and Korea). and a t horoughi analysis
(it the data and of' thre analytical met hodologies should be made to det ermi ne if' the re
is a limitation to this technique.

4. Once the predlict ion equation or set o I equ~ation1s is pertected, it will he possibleI
to provide reliable temperature response protties to developers, desitgners. and testers
(of' materiel.

5. [Hie reS Its of' t his rcscarcli indlicat e there is a higoh probabilityv that a set ot
prediction equations withI practicalI a pplicat ion can hte developed.
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